We report the incidence and location of deep-vein thrombosis in 312 patients who had sustained high-energy, skeletal trauma. They were investigated using magnetic resonance venography and Duplex ultrasound.
We report the incidence and location of deep-vein thrombosis in 312 patients who had sustained high-energy, skeletal trauma. They were investigated using magnetic resonance venography and Duplex ultrasound.
Despite thromboprophylaxis, 36 (11.5%) developed venous thromboembolic disease with an incidence of 10% in those with non-pelvic trauma and 12.2% in the group with pelvic trauma. Of patients who developed deep-vein thrombosis, 13 of 27 in the pelvic group (48%) and only one of nine in the non-pelvic group (11%) had a definite pelvic deep-vein thrombosis. When compared with magnetic resonance venography, ultrasound had a falsenegative rate of 77% in diagnosing pelvic deep-vein thrombosis. Its value in the pelvis was limited, although it was more accurate than magnetic resonance venography in diagnosing clots in the lower limbs. Additional screening may be needed to detect pelvic deep-vein thrombosis in patients with pelvic or acetabular fractures.
Venous thromboembolic disease often follows blunt trauma, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] manifesting as deep-vein thrombosis and/or pulmonary embolism. It is the most common cause of death more than seven days after traumatic injury, 14 when patients are susceptible to Virchow's triad, namely intimal damage, venous stasis and hypercoagulability. 15 Despite its prevalence the significance of venous thromboembolic disease after trauma is limited when compared with its importance in elective surgery, such as lowerlimb arthroplasty.
There is controversy relating to many aspects of venous thromboembolic disease in trauma, such as its incidence, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [16] [17] [18] risk factors, 3, 9, 12, 16, [19] [20] [21] [22] [23] diagnosis, 3, 5, 6, 9, 10, 13, 16, [24] [25] [26] [27] [28] the anatomical location of high-risk clots 6, 10, 24, [26] [27] [28] [29] and the best prophylaxis. 1, [4] [5] [6] [7] [8] [9] [10] [11] [12] 16 Among patients with orthopaedic injuries, those with high-energy skeletal trauma present the highest risk.
Venography is the method of choice for the diagnosis of deep-vein thrombosis of the lower limbs, but it is invasive, involves potentially hazardous contrast agents and is subject to interobserver variability and operator-dependent image quality. Its use is therefore limited to research in the less traumatised patient. Moreover, since its value in the imaging of pelvic clots is controversial 6, 9, 10, 27 its routine use in high-energy trauma is not considered to be practical. Non-invasive methods, such as magnetic resonance venography and Duplex ultrasound, can alternatively be used without risk for screening and diagnosis in all trauma patients.
Our prospective study aimed to document the prevalence of venous thromboembolic disease in high-energy, blunt, skeletal trauma despite thromboprophylaxis, to identify the location of clots and to investigate the value of magnetic resonance venography and ultrasound in this detection.
Patients and Methods
Between December 1997 and August 2002, 312 patients with high-energy, blunt, skeletal trauma admitted to the University of Alabama Hospital underwent two different regimes of prophylaxis for deep-vein thrombosis. The inclusion criteria were pelvic, acetabular, femoral or tibial fractures which either required surgical stabilisation or occurred in patients older than 55 years or in those with an abbreviated injury score for the head and neck of three or more, plus a fracture of a long bone. They received either mechanical compression or a pharmacological regime with enoxaparin (Aventis Pharmaceutical, Parsippany, New Jersey) and were included only if prophylaxis began within 72 hours of injury. Mechanical prophylaxis was initiated on admission and pharmacological prophylaxis at 24 to 72 hours after admission depending on haemodynamic stability. Exclusion criteria were active uncontrolled bleeding, a history of previous venous thromboembolic disease, body habitus precluding magnetic resonance venography and non-compliance.
All patients underwent bilateral magnetic resonance venography and ultrasound in the 24 hours before discharge from hospital or earlier if there were symptoms or signs of venous thromboembolic disease. Duplex ultrasound examination was performed with an Acuson 128 XP, Sequoia System (Mountain View, California) or an Advanced Technology Laboratories 3000HD (Bothell, Washington) machine with high-resolution linear transducers and the use of colour and spectral Doppler vessel interrogation. It included standard compression and flow augmentation techniques from the groin to the popliteal fossa. The criteria for diagnosis of deep-vein thrombosis included observation of an intraluminal thrombus, loss of vessel compressibility and decreased blood flow.
Magnetic resonance venography used a Sigma 1.5-T magnet (General Electric Medical Systems, Milwaukee, Wisconsin), and two-dimensional time-of-flight sequences with saturation of the arterial signal. The diagnostic criteria for deep-vein thrombosis included intraluminal signal-flow voids with abrupt narrowing or termination of the luminal signal which could not be explained by flow or magnetic susceptibility artefacts from internal or external fixation devices.
Two experienced radiologists reviewed the ultrasound and magnetic resonance venography images. These were initially read independently in a blinded fashion. Neither technique was treated as the method of choice. Both were evaluated independently as if in an isolated study. If there was any difficulty of interpretation between ultrasound and magnetic resonance venography this was resolved by consensus opinion after joint review.
Documentation of pulmonary embolism with a normal ultrasound of a lower limb was accepted as evidence of deep-vein thrombosis without a corroborating magnetic resonance venography if the patient was too unstable for transport to the MR scanner. In this position, the probable source of clot is in the pelvis which is very difficult to visualise by ultrasound. 5, 6, 9, 10, 16, 24, 25, 27, 28 This presumptive evidence of a pelvic deep-vein thrombosis is consistent with previous published reports. [4] [5] [6] 10 
Results
Of the 312 patients, 90 had polytrauma without pelvic or acetabular fractures. The other 222 each had a pelvic or acetabular fracture among their injuries. A total of 36 patients (11.5%) developed venous thromboembolic disease despite prophylaxis. One developed late deep-vein thrombosis and pulmonary embolism approximately three months after injury. She was not included in the statistical analysis.
Nine of the 36 patients belonged to the non-pelvic group giving an incidence of venous thromboembolic disease of 10% in this group. Their injuries included fracture of the femoral neck (two), fracture of the femur (two), supracondylar fracture (two), dislocation of the knee (two), fracture of the tibial plateau (one), tibial fracture (one), pilon fracture (one) and fracture of the ankle (one). All these patients sustained at least one fracture on the same side as their deep-vein thrombosis. One developed a pelvic clot after a fracture of the femoral neck and shaft leading to a clot in an ipsilateral external iliac vein. Another developed pulmonary embolism with normal ultrasound but was too unstable to undergo magnetic resonance venography. Of the nine patients with non-venous thromboembolic disease and non-pelvic trauma, seven developed isolated lower extremity clots and one had a definite and another a presumed pelvic deep-vein thrombosis.
Of the 222 patients who each had a surgically-treated pelvic or acetabular fracture 27 (12%) developed venous thromboembolic disease. Of these, 13 (48%) had a definite pelvic deep-vein thrombosis, since a thrombus was identified in the pelvic vasculature, and coexistent lower extremity clots were found in four. Two patients (7.5%) had a presumed pelvic deep-vein thrombosis since they suffered pulmonary embolism with a negative ultrasound and were too unstable to undergo magnetic resonance venography. The other 12 (44.5%) had isolated lower extremity clots.
Statistical analysis of the patients with definite localisation of clots to the pelvis or lower extremity showed that there was a significant difference in the occurrence of pelvic clots between patients suffering pelvic and non-pelvic trauma (Fisher's exact test, p = 0.056). A similar trend was noticed when including the presumed pelvic deep-vein thrombosis but the difference was no longer statistically significant (Fisher's exact test, p = 0.087). There was no significant difference in the overall rate of venous thromboembolic disease between the pelvic and non-pelvic groups, probably because both had suffered high-energy trauma. Four patients had a pulmonary embolus (1.3%) which in three occurred after pelvic or acetabular fractures and in one after non-pelvic polytrauma. There were no deaths as a result of venous thromboembolic disease.
Of a total of 47 distinct clots in the 36 patients, 14 (30%) were in the pelvis, 30 (64%) were in the lower limbs and three (6%) were presumed to be pelvic since they presented with pulmonary embolism. Of the 36 patients, 19 (53%) had isolated lower extremity clots, four (11%) lower extremity and pelvic clots and 13 (36%) isolated or presumed pelvic deep venous thrombosis. The location of thrombi was as follows: common iliac vein (four), internal iliac vein (one), external iliac vein (nine), common femoral vein (21) , femoral vein (five) and popliteal vein (four).
Thirteen patients had definite pelvic deep-vein thrombosis diagnosed by magnetic resonance venography but ultrasound was negative in ten of these. Based on consensus between the radiologists ultrasound had a false-negative rate of 77% when compared with magnetic resonance venography in the detection of pelvic clots. It was also unable to demonstrate pelvic clots in the four patients with presumed pelvic deep-vein thrombosis. Of the 20 patients in whom lower extremity clots had been diagnosed by ultrasound, magnetic resonance venography was negative in eight, impracticable in three because of medical instability and positive in 12. All lower extremity clots with a discrepancy between magnetic resonance venography and ultrasound were resolved by consensus agreement between the radiologists. When compared with ultrasound, the false-negative rate for magnetic resonance venography was 40% (8 of 20) . The main reason for this high rate was a metal implant or external fixator artefact since the tests were done post-operatively. This limits magnetic resonance venography to a significantly greater degree to the limbs rather than the pelvis.
Discussion
Patients with pelvic and acetabular fractures are at high risk of venous thromboembolic disease and present features not found in isolated trauma of a limb. An intrapelvic haematoma may compress the pelvic vasculature, surgical treatment is often delayed and post-operative rehabilitation slow. Numerous studies suggest that deep-vein thrombosis in the pelvic venous plexus is more common after pelvic and acetabular fractures. 6, 10, 27 Pharmacological prophylaxis, mechanical prophylaxis and filters in the inferior vena cava have been advocated for such patients. 2, 6, 9, 10, 13, 14, 18, 27 Each technique has its complications and limitations, such as concern for delayed venous thromboembolic disease in young patients in whom a permanent filter is placed to deal with a short-term event. 30 Despite the use of differing prophylactic regimes, studies focusing on venous thromboembolic disease in pelvic trauma report rates of deep-vein thrombosis from 9% to 27% depending on the imaging techniques used. 10, 13, 18 Review of the current literature shows that there is no ideal diagnostic test for deep-vein thrombosis in the pelvic vasculature. Although Duplex ultrasound is well accepted for that purpose in deep-vein thrombosis of a lower limb, 4, 5, 9, 16, 25 it is significantly less sensitive in the pelvis. 6, 9, 10, 27, [31] [32] [33] [34] [35] [36] In one study, ultrasound was documented as missing clots in all eight patients with deep-vein thrombosis in the internal iliac system 35 and in another seven with isolated deep-vein thrombosis in pelvic veins. 34 Magnetic resonance venography is a relatively new technique which allows visualisation of the entire venous system, without contrast. One study of 85 patients undergoing contrast and magnetic resonance venography had a sensitivity of 100%, a specificity of 96%, a positive predictive value of 90% and a negative predictive value of 100%. 24 In another study of 75 patients in whom 34.7% had documented deep-vein thrombosis, magnetic resonance venography had a sensitivity of 100%, a specificity of 100% and an accuracy of 96%. 26 A third study comparing ascending venography with magnetic resonance venography using direct-puncture venography as the reference standard in cases of discordance, found magnetic resonance venography to be 100% sensitive and 95% specific compared with ascending venography which had a sensitivity of 78% and specificity of 100%. 26 In a study of 30 patients, magnetic resonance venography detected pelvic deep-vein thrombosis in four but these had a negative result on contrast venography. 28 The authors noted that technical differences in image acquisition might have been a source of error, since three of the magnetic resonance venography images interpreted as positive had variations in technique. They stated that phase-contrast or cinemagnetic resonance was not used to reconcile any equivocal findings. Therefore interpretation of magnetic resonance venography could also be a possible source of error. It has been shown that contrast venography can be inaccurate in the pelvic system, especially for detecting clots in the internal iliac vasculature. 6, 9, 10, 16 It is invasive and can add to morbidity, especially in polytraumatised patients. Interobserver variability and operator-dependent image quality lead to inaccuracy. Review papers have concluded that ultrasound was the most appropriate screening and diagnostic test for the lower limbs, and that magnetic resonance venography had many advantages when imaging the pelvis. 9, 16, 34, 35, 37 Their non-invasive nature is attractive in high-energy skeletal trauma.
The drawback of our study is that it is open to selection bias because of the inclusion criteria used to isolate highenergy trauma and the tertiary referral nature of our practice. Since our sample contained a larger proportion of patients with pelvic trauma, extrapolation of the results to trauma patients in a general orthopaedic practice may not be tenable. Nevertheless, we feel that relevant conclusions which have a direct bearing on the management of polytrauma can still be drawn.
Our results indicate that deep-vein thrombosis is common in high-energy, blunt trauma, with an incidence of 11.5% despite prophylaxis. Also, pelvic deep-vein thrombosis is significantly more frequent after pelvic than nonpelvic trauma. Our study confirmed that magnetic resonance venography was better than ultrasound for detecting pelvic clots whereas ultrasound was the better technique for lower extremity clots.
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